1. Introduction {#s0005}
===============

Coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome-related coronavirus 2 (SARS-CoV-2) has become a pandemic involving millions of people and causing hundreds of thousands deaths worldwide \[[@bb0005]\]. COVID-19 was first reported within Wuhan, China in December 2019 and has spread rapidly \[[@bb0010]\]. Patients presenting with COVID-19 are at high risk for acute respiratory failure necessitating advanced airway management \[[@bb0010], [@bb0015], [@bb0020]\]. Overall, the presence of hypoxic respiratory failure among COVID-19 patients approaches 20% \[[@bb0025], [@bb0030], [@bb0035]\]. Data from China reported that up to 41% of all patients with COVID-19 required oxygen therapy, 4% to 13% required noninvasive ventilation (NIV), and 2.3% to 12% required intubation and mechanical ventilation \[[@bb0015],[@bb0025]\]. Risk factors for developing acute respiratory failure appear to include male gender; age over 60 years; and comorbidities including diabetes, active cancer, and immunocompromising states \[[@bb0025],[@bb0040], [@bb0045], [@bb0050]\].

Healthcare workers (HCWs) caring for this population are at high risk of contracting SARS-CoV-2 via large droplets, respiratory secretions, and contact with contaminated surfaces \[[@bb0055]\]. Airway management is particularly high risk because it involves aerosol-generating procedures \[[@bb0055],[@bb0060]\]. Emergency providers must be prepared to manage patients with acute respiratory failure due to SARS-CoV-2. In this review, we provide an overview of the underlying respiratory pathophysiology of SARS-CoV-2, followed by an approach to airway management for suspected or confirmed patients with COVID-19, while maintaining the safety of HCWs and other patients.

2. Methods {#s0010}
==========

This narrative review outlines the underlying respiratory pathophysiology and clinical manifestations of COVID-19 in the adult patient and discusses current approaches to airway management in the ED. A literature review of PubMed and Google Scholar databases was performed from January 1st, 2000 to May 20th, 2020 for articles using the keywords 'COVID' OR 'SARS-CoV-2' OR 'coronavirus' OR 'SARS' AND 'airway management' for production of this narrative review. Authors included case reports and series, retrospective and prospective studies, systematic reviews and meta-analyses, clinical guidelines, and other narrative reviews. Commentaries and letters were also included. The literature search was restricted to studies published or translated into English. The initial literature search revealed 1555 articles. Authors reviewed all relevant articles and decided which studies to include for the review by consensus, with focus on emergency medicine-relevant articles, including guidelines. When available, systematic reviews and meta-analyses were preferentially selected. These were followed sequentially by randomized controlled trials, prospective studies, retrospective studies, case reports, and other narrative reviews, when alternate data were not available. A total of 75 resources were selected for inclusion in this review. As this is a narrative review, the authors did not pool individual study data.

3. Discussion {#s0015}
=============

3.1. Principles of management {#s0020}
-----------------------------

The underlying pathophysiology of COVID-19 can lead to respiratory failure, with some patients developing acute respiratory distress syndrome (ARDS) \[[@bb0040],[@bb0065]\]. In patients who deteriorate and require intensive care unit admission, NIV, invasive mechanical ventilation, or extracorporeal membrane oxygenation should be considered as necessary \[[@bb0070]\]. Respiratory failure due to SARS-CoV-2 and more common respiratory pathogens is similar, but requires slight variations to infection control policies and procedures, which are detailed below \[[@bb0070]\]. Concerning personal protective equipment (PPE), healthcare workers should follow the infection control policies at their individual healthcare institutions.

3.2. Supplemental oxygenation {#s0025}
-----------------------------

Many guidelines recommend exogenous oxygen administration as an initial therapy in patients with mild hypoxemic respiratory failure due to COVID-19 \[[@bb0075], [@bb0080], [@bb0085]\]. Supplemental oxygen is recommended if the patient\'s oxygen saturation (SpO~2~) is less than 90%, with a target SpO~2~ of no higher than 96%, based on recommendations from several societies, including the Society of Critical Care Medicine (SCCM) \[[@bb0070],[@bb0090]\].

Clinicians should assess patient respiratory status inclusive of mental status and respiratory effort (e.g., work of breathing, respiratory rate) rather than oxygen saturation alone, when determining the need for airway intervention. In patients with mild hypoxemia due to SARS-CoV-2 but no evidence of respiratory failure requiring immediate endotracheal intubation, supplemental oxygen may be provided \[[@bb0020]\]. A strategy of oxygen escalation therapy may assist patients, in which nasal cannula (NC) can be started at 6 L/min.^19^ If the patient does not improve with NC, further steps include Venturi mask up to 50% or non-rebreather mask up to 15 L/min, non-rebreather at 15 L/min in addition to NC at 6 L/min, high flow nasal cannula (HFNC), and then NIV ([Fig. 1](#f0005){ref-type="fig"} ) \[[@bb0100]\]. Oxygen flow of 6 L/min or greater is considered high-flow oxygen and may cause aerosolization of viral pathogens, although this is controversial \[[@bb0105], [@bb0110], [@bb0115]\].Fig. 1Oxygen Escalation Strategy. *Abbreviations: NC -- nasal cannula; LPM -- liters per minute; HFNC -- high flow nasal cannula; NIPPV -- noninvasive positive pressure ventilation; CPAP -- continuous positive airway pressure.*Fig. 1

Respiratory support of patients with SARS-CoV-2 requires modification in order to minimize viral spread. For instance, a standard surgical mask should be worn over the NC, non-rebreather, or Venturi mask to reduce the risk of droplet spread \[[@bb0020]\]. For patients requiring higher oxygen delivery via the use of a simple facemask or nonrebreather, an exhalation filter can be attached; however, this strategy has not been thoroughly evaluated in terms of viral transmission \[[@bb0020]\]. As a result they are not recommended for routine use in patients with SARS-CoV-2 respiratory disease \[[@bb0100]\]. When necessary, non-rebreather masks are preferred over simple facemasks \[[@bb0095]\]. Similarly, nebulization of medications via simple facemask should be avoided in this population \[[@bb0020],[@bb0090],[@bb0095]\]. Bronchodilators may be administered by metered-dose inhalers if necessary \[[@bb0020]\].

HFNC has become more prevalent in the years after the SARS outbreak and has been found to decrease the need for mechanical ventilation in patients with acute hypoxemic respiratory failure and potentially improve 90-day mortality \[[@bb0120], [@bb0125], [@bb0130]\]. HFNC is an emerging support modality for patients with COVID-19 and has been associated with increased survival in COVID-19 patients when compared to either NIV or invasive mechanical ventilation \[[@bb0045],[@bb0135],[@bb0140]\]. While the risk of bacterial transmission with HFNC is low, the risk of respiratory viral pathogen transmission remains unclear \[[@bb0145], [@bb0150], [@bb0155], [@bb0160]\]. Based on currently available evidence, the WHO states that "HFNC and NIV systems with good interface fitting do not create widespread dispersion of exhaled air and therefore should be associated with \[a\] low risk of airborne transmission." \[[@bb0075]\] The risk of respiratory pathogen transmission when using HFNC is subject to a variety of factors, including the duration of support, maximal flow rate, patient sneezing or coughing, cannula fit, and patient cooperation \[[@bb0100]\]. Special attention must be paid to the connections between the oxygen tubing and the nasal cannula \[[@bb0095]\]. Any disruption to this connection may lead to dispersal of SARS-CoV-2 \[[@bb0165]\]. Some experts have recommended placement of a surgical mask over the HFNC to reduce viral transmission \[[@bb0095],[@bb0170]\]. Patients on HFNC should be placed under airborne precautions in a negative-pressure room, if available \[[@bb0075],[@bb0095]\].

HFNC provides gas flows between 40 and 60 L/min and may not result in aerosolization when compared to a patient on standard nasal cannula \[[@bb0175]\]. Many guidelines, including those by Australian and New Zealand Intensive Care Society (ANZICS), the WHO, and the Surviving Sepsis Campaign recommend the use of HFNC in COVID-19 patients presenting with acute hypoxemic respiratory failure unresponsive to conventional oxygen therapy \[[@bb0075],[@bb0080],[@bb0090]\]. Several groups have developed management strategies utilizing HFNC preferentially over NIV \[[@bb0045],[@bb0180]\]. It is prudent to avoid HFNC in patients presenting with severe respiratory distress or failure, thoracoabdominal asynchrony, increasing vasopressor support, refractory hypoxemia despite other therapies, or a "clinical trajectory that suggests mechanical ventilation is inevitable" \[[@bb0020],[@bb0125],[@bb0185]\]. NIV may be more effective for other forms of respiratory failure, such as hypercapnic respiratory failure or obstructive airway disease \[[@bb0090]\]. However, HFNC can increase airway pressures, improve oxygenation, reduce dead space, and reduce a patient\'s work of breathing and can be utilized in patients with COVID-19 \[[@bb0190]\].

3.3. Non-invasive ventilation {#s0030}
-----------------------------

International guidelines on the use of NIV for COVID-19 patients vary, with many guidelines recommending against the routine use of NIV due to increased risk of virus aerosolization and unproven utility in patients with ARDS \[[@bb0100]\]. Notably, the SCCM guidelines on the management of critically ill patients with COVID-19 recommend "a trial of NIV with close monitoring and short-interval assessment for worsening of respiratory failure" if HFNC is not available and there is no urgent indication for intubation \[[@bb0090]\]. Current epidemiological forecasts suggest that the requirements for mechanical ventilation may outpace the current ventilator capacity of many hospitals if NIV is not routinely used \[[@bb0090]\].

NIV does have limitations. In previous cohorts of patients with acute respiratory failure due to Influenza A, NIV failed in up to 85% of cases, portending a higher mortality compared to patients treated with invasive ventilation \[[@bb0195],[@bb0200]\]. In a group of 302 patients with Middle East Respiratory Syndrome (MERS) across 14 Saudi Arabian hospitals, 92% of patients trialed on NIV failed to substantially improve, eventually requiring intubation \[[@bb0205]\]. A relatively similar failure rate was noted in a cohort of patients with COVID-19 associated respiratory failure in China \[[@bb0045]\]. There is also concern that NIV may worsen lung injury due to elevated transpulmonary pressures and large tidal volumes \[[@bb0210],[@bb0215]\]. NIV use in patients with excessive respiratory efforts may induce substantial intrathoracic negative pressures and self-inflicted lung injury, worsening hypoxemia \[[@bb0215]\]. Additionally, the use of NIV may delay initiation of mechanical ventilation until the patient has no reserve, thereby increasing the risk of inappropriate donning of adequate PPE and transmission to HCWs due to time pressures to establish a definitive airway \[[@bb0020]\].

Although some centers reported successful management of SARS patients with NIV, there are documented cases of nosocomial transmission between patients in the same hospital \[[@bb0220],[@bb0225]\]. This risk of aerosolization and viral transmission is variable, depending on a variety of factors, including the support parameters, model of the machine, and mask type \[[@bb0095],[@bb0230]\]. This risk could be diminished by use of appropriate viral exhalation filters on the NIV and cohorting high-risk patients in an appropriate airborne isolation room \[[@bb0095]\]. However, any significant mask leak may render filtration of viral pathogens incomplete \[[@bb0020]\]. Despite these limitations, NIV may improve patient respiratory status and is a component of current guidelines \[[@bb0090],[@bb0095]\]. NIV should be used in patients with COVID-19 with hypercarbic respiratory failure, refractory hypoxemia despite other therapies (including HFNC), or if HFNC is not available \[[@bb0090]\].

If utilized for patients with COVID-19, special attention should be paid to the use of viral filters, closed circuit systems, adequate mask seal, use of helmet systems (if available), appropriate PPE use, and appropriate isolation in a negative pressure room \[[@bb0095]\]. When available, a helmet-based NIV interface may have several advantages over traditional mask-based NIV, including decreased risk of aspiration and environmental contamination \[[@bb0165],[@bb0235]\]. In one randomized clinical trial of 83 patients with ARDS, a NIV helmet reduced intubation rates and 90-day mortality compared to traditional NIV facemask \[[@bb0240]\].

3.4. Patient repositioning {#s0035}
--------------------------

Many clinicians have recommended awake proning or repositioning of patients on supplemental oxygen, HFNC, and NIV. Prone positioning of the patient may improve respiratory status and oxygenation, decreasing the need for endotracheal intubation in early ARDS \[[@bb0245],[@bb0250]\]. While proning or repositioning may improve oxygenation, clinicians should be aware that this typically induces a temporary, non-sustainable improvement in oxygenation, and patients may require movement to another position (i.e., left lateral recumbent, right lateral recumbent, sitting upright) to maintain the benefit associated with this technique \[[@bb0245]\]. Patient comfort is important during proning/repositioning, and maternity cushioning devices may be beneficial. Regardless of oxygenation, these patients remain at risk for deterioration and must be monitored closely.

3.5. Decision to intubate {#s0040}
-------------------------

There are currently no evidence-based guidelines describing when to pursue intubation and mechanical ventilation for patients with SARS-CoV-2 \[[@bb0095]\]. However, in cases of severe respiratory distress or refractory hypoxemia despite oxygen escalation therapy including NIV, the patient should undergo endotracheal intubation and invasive ventilation \[[@bb0070]\]. Many patients who develop acute respiratory failure do so with hypoxemia and minimal signs of respiratory distress or tachypnea (so called "silent hypoxemia"), making work of breathing alone a potentially unreliable indicator for failure of NIV \[[@bb0255],[@bb0260]\]. Thus, clinicians should consider patient mental status, work of breathing, respiratory rate, and oxygen saturation in their decision to intubate. In a series of 202 COVID-19 patients undergoing tracheal intubation in two hospitals in Wuhan, China, more than 75% of patients were hypoxemic (SaO~2~ \< 90%) before induction \[[@bb0265]\]. The authors hypothesized that the shortage of available hospital beds during the COVID-19 pandemic, as well as result in delayed recognition respiratory failure severity due to "silent hypoxemia," may have led to delays in the decision to intubate \[[@bb0265]\].

The Chinese Society of Anesthesiology Task Force on Airway Management recommends endotracheal intubation for patients showing no improvement in respiratory distress, tachypnea (respiratory rate \> 30 breaths per minute), and poor oxygenation (PaO~2~ to FiO~2~ ratio ≤ 150 mmHg) after a 2 h trial of HFNC or NIV \[[@bb0040]\]. However, these recommendations are expert consensus and lack robust supporting evidence \[[@bb0270]\]. Some have liberalized their criteria, recommending that physicians consider intubation in any patient with respiratory distress (respiratory rate \> 30 breaths per minute) or SpO~2~ less than 93% on room air and a PaO~2~ to FiO~2~ ratio less than 300 mmHg \[[@bb0270]\]. We recommend using a combination of factors in deciding to intubate, including progressively increasing oxygenation requirements despite oxygen escalation therapy, increasing vasopressor support, persistent thoracoabdominal asynchrony, increasing work of breathing, increasing respiratory distress, low ROX index (determined by oxygen saturation as measured by pulse oximetry divided by fraction of inspired oxygen \[FiO2\] divided by respiratory rate), hypercarbia, and altered mentation \[[@bb0095],[@bb0125],[@bb0180],[@bb0185],[@bb0275]\]. However, this must be balanced with potential resource limitations (availability of ventilators or staff, intensive care unit capability), clinical trajectory, and individual patient wishes \[[@bb0095]\].

3.6. Safety and preparedness {#s0045}
----------------------------

Airway management for patients with suspected or confirmed COVID-19 shares similarities with techniques in non-COVID-19 patients, with some notable exceptions, including an emphasis on staff safety throughout the procedure \[[@bb0280]\]. The increased risk of transmission of viral pathogens to HCWs with subsequent attempts necessitates the use of familiar and reliable airway techniques to ensure the greatest likelihood of first pass success \[[@bb0115]\]. Airborne precautions are indicated during the peri-intubation period, as the highest viral load appears in airway secretions of patients with COVID-19 \[[@bb0025],[@bb0285]\]. Careful preparation and planning at the institutional level addressing appropriate equipment, staff preparedness, development of airway packs and endotracheal intubation checklists ([Table 1](#t0005){ref-type="table"} and [Fig. 2](#f0010){ref-type="fig"} ), and availability of PPE are essential \[[@bb0115]\]. This should be augmented and evaluated using frequent in-situ simulation \[[@bb0115],[@bb0290]\].Table 1COVID-19 airway pack contents \[[@bb0165]\]Table 1Appropriate PPE for all team membersInduction medications: High dose succinylcholine or rocuronium at 1.5--2.0 mg/kg Properly dosed induction agent of choicePost-intubation sedation and analgesia (Bolus and infusion)Bag valve mask with PEEP valve and pressure manometerHigh efficiency particulate air (HEPA) filterVideo laryngoscope tower with screenVideo laryngoscope blades (one each of size 3, 4, and hyperangulated)Subglottic drainage tracheal tube (size 7.0 and 8.0)Standard tracheal tube (multiple sizes, including size 7 and 8) and 10 mL syringeCapnography monitoring linePackets of water-soluble gel lubricantAdult Magill forcepsBlue Portex swivel connector 15 mmGum elastic bougieVideo laryngoscope tracheal intubation stylet (for hyperangulated blades)Supraglottic airways (multiple sizes)Emergency front of neck airway (FONA) kit: Size 10 scalpel Size 6 cuffed endotracheal tube Gum elastic bougie(Available outside of room) Bronchoscope tower containing: Single use "slim" (size 3.8) disposable bronchoscope 4% lidocaine for airway topicalization Mucosal atomizer\*Note: single-use equipment preferred, when available[^2]Fig. 2A sample COVID-19 endotracheal intubation checklist.Fig. 2

Several patient, environmental, and team factors affect airway management in the COVID-19 patient. Endotracheal intubation is a high-risk procedure, with 10% of critically ill patients developing severe hypoxemia and 2% experiencing cardiac arrest \[[@bb0295],[@bb0300]\]. The first pass success rate for endotracheal intubation among critically ill patients is typically less than 80%, with a significant proportion requiring two or more attempts \[[@bb0295]\]. These figures are likely to be worse in the critically ill COVID-19 patient due to the use of PPE and the patient\'s physiological state \[[@bb0115],[@bb0305]\]. Patients with COVID-19 may experience myocardial injury which can worsen hemodynamic instability, lead to multiorgan failure, and reduce oxygen reserve \[[@bb0310]\]. Moreover, fogging of eyewear when using PPE during intubation affects up to 80% of providers, which can make intubation attempts more challenging \[[@bb0115]\]. Some clinicians have advocated for placement of a clear drape or box over the patients face to minimize aerosolization, but this may affect first pass success \[[@bb0315]\]. One study evaluating the use of aerosol boxes to protect HCW found reduced first pass success, longer time to intubation, and decreased laryngoscopic grade \[[@bb0320]\]. PPE may also decrease the clinician\'s field of vision, lead to reductions in manual dexterity, and interfere with team communication \[[@bb0325],[@bb0330]\]. Team communication should use clear, direct language and closed loop communication \[[@bb0115],[@bb0280]\]. Cognitive bandwidth and team communication may benefit from an endotracheal intubation checklist ([Fig. 2](#f0010){ref-type="fig"}).

Institutions should create a mobile endotracheal intubation pack that is decontaminated after each use ([Table 1](#t0005){ref-type="table"}) \[[@bb0115],[@bb0280]\]. This pack should preferentially contain single-use equipment brought to the patient\'s bedside during the procedure \[[@bb0020],[@bb0115]\]. Some institutions may choose to include appropriate PPE for the airway management team. Additional airway equipment may be stored outside the negative pressure room as necessary \[[@bb0020]\]. All essential medications should be present before the procedure. Rapid sequence induction (RSI) medications should be drawn up and labeled. Depending on the patient\'s hemodynamic status, push dose vasopressors or a norepinephrine infusion should be readily available \[[@bb0280]\]. Ensure appropriate post-intubation analgesia, sedation, and paralyzing medications are present \[[@bb0280]\].

Staff members who are not involved in the procedure should not be present during any aerosol-generating procedure, including intubation \[[@bb0020]\]. There should be a clear delineation of roles and responsibilities on the team. Three personnel are likely sufficient within the room: an airway operator, an airway assistant, and a healthcare provider to give the medications and monitor the patient ([Fig. 3](#f0015){ref-type="fig"} ) \[[@bb0115]\]. One to two team members should wait outside the room in PPE ready to enter if the primary team requires help or extra equipment, with an additional team member watching from the outside, ready to summon help rapidly if needed \[[@bb0115]\]. A designated safety/logistics officer should remain outside the room to observe for strict adherence to team safety and proper donning and doffing of PPE. A single team member may perform more than one role, depending on how many personnel are available.Fig. 3The composition and roles of a COVID-19 airway team. During an intubation procedure, the discrete functional roles can be described as: (1) airway operator; (2) drug administrator and observer of patient\'s clinical state and monitors (drugs & monitor); (3) surgical airway operator and equipment assistant (surgical airway & equipment); (4) team member to fetch additional equipment or call for help during the procedure, and to observe strict adherence to team safety and donning and doffing of PPE in the peri-procedure period (safety and logistics officer). A single team member may perform more than one role, depending on how many personnel are available.Fig. 3

The choice of airway operator encompasses consideration of the available clinicians\' airway expertise, predicted difficulty of intubation, patient factors, and clinician risk factors for poor outcomes if infected with SARS-CoV-2 \[[@bb0115],[@bb0280]\]. While little guidance exists to risk stratify HCWs who are exposed to potential aerosol-generating procedures, it is prudent to exclude staff who are over the age of 60 years; pregnant; immunosuppressed; and those with cardiac disease, respiratory diseases, and recent cancer \[[@bb0025],[@bb0040],[@bb0115]\].

3.7. Intubation technique {#s0050}
-------------------------

The airway strategy, including preoxygenation strategy, primary plan, rescue plans, and transitions, should be standardized. The basic algorithm for intubation is similar to the Difficult Airway Society (DAS) 2018 guideline for tracheal intubation of the critically ill patient ([Fig. 4](#f0020){ref-type="fig"}a and b) or the Vortex approach ([Fig. 4](#f0020){ref-type="fig"}c) \[[@bb0115],[@bb0335]\]. There is emphasis on appropriate equipment selection, with a focus on closed systems to prevent viral transmission \[[@bb0020],[@bb0115]\]. Closed suction systems should be used to minimize aerosolization. Apneic oxygenation should be avoided in these patients. However, preoxygenation may be accomplished with a bag valve mask (BVM) and viral exhalation filter \[[@bb0280],[@bb0340]\]. The airway operator should ensure a tight BVM seal with two hands using the "V" grip while applying 10--15 cm of PEEP ([Fig. 5](#f0025){ref-type="fig"} ). This BVM is held *passively* in order to maintain PEEP, prevent decruitment and hypoxia \[[@bb0280],[@bb0310]\]. To improve mask seal and decrease airway operator fatigue, a NIV mask may be used in conjunction with a BVM to preoxygenate the patient ([Fig. 6](#f0030){ref-type="fig"} ). For patients requiring manual ventilation, small tidal volumes are recommended \[[@bb0340]\]. Elevation of the head of the bed and ramping may be utilized \[[@bb0115]\].Fig. 4Cognitive aids for use when managing unexpected difficulty when intubating a patient with coronavirus disease 2019. (a) Unexpected difficult tracheal intubation. (b) Cannot intubate, cannot oxygenate. (c) Vortex approach cognitive aid \[[@bb0115],[@bb0335]\].Fig. 4Fig. 5A. Two-handed BVM technique with the V-grip hand position. B. The C hand position, which should be avoided during preoxygenation of suspected or confirmed COVID-19 patients.Fig. 5Fig. 6A. Noninvasive ventilation mask preoxygenation setup for suspected or confirmed COVID-19 patients. Note the mask is connected to a viral filter, then end tidal CO~2~ capnography monitoring line, a bag valve mask with a PEEP valve on the exhalation port, and finally a wall oxygen source (≥15 L/min).Fig. 6

The preferred airway management technique is RSI with the use of a video laryngoscope (VL) by the most appropriate clinician to maximize first pass success \[[@bb0090],[@bb0115],[@bb0265]\]. In a systemic review and meta-analysis of 64 studies, VL reduced the risk of failed intubation with no impact on the rate of first pass success, hypoxia, or time to endotracheal intubation \[[@bb0345]\]. If possible, the VL setup should include a monitor screen separate from the handle to reduce potential exposure to the patient\'s upper airway secretions. When available, a standard geometry video laryngoscope should be used in conjunction with a tracheal tube introducer (i.e., bougie), as this has been shown to improve first pass success when compared to a traditional stylet \[[@bb0280],[@bb0350]\]. Awake flexible endoscopic intubation should be avoided, as the atomized local anesthesia may induce coughing \[[@bb0340]\]. When possible, direct laryngoscopy (DL) should be avoided as it places the face of the intubating clinician close to the patient\'s airway and may increase the risk of exposure \[[@bb0020],[@bb0090]\].

RSI is recommended, as inadequate sedation or paralysis can produce coughing during laryngoscopy, generating aerosols \[[@bb0020],[@bb0280]\]. A higher dose of sedative, as well as high-dose neuromuscular blockade should be administered during induction \[[@bb0115],[@bb0280]\]. Nondepolarizing muscle relaxants such as rocuronium provide an advantage over depolarizing agents due to their extended duration of action, which prevents coughing should attempts at airway management be prolonged \[[@bb0100]\]. In order to improve ventilator synchrony and decrease aerosolization from inadequate sedation, prepare the patient\'s post-intubation analgesia and sedation before the procedure \[[@bb0280]\].

If the initial intubation is unsuccessful and the patient requires oxygenation, a second-generation supraglottic airway device can be used to reduce aerosolization risk \[[@bb0110],[@bb0280],[@bb0355]\]. There is no robust evidence to suggest that supraglottic devices are more effective than BVM in this scenario. However, they are easy to place and have better seal pressure compared to BVM, thus reducing staff exposure \[[@bb0100]\]. If oxygenation cannot be maintained using a BVM or a supraglottic device, a cricothyroidotomy should be performed \[[@bb0280]\]. The simplified DAS 2018 guidance should be followed ([Fig. 4](#f0020){ref-type="fig"}b). We recommend the scalpel-bougie-tube technique in order to decrease potential aerosolization \[[@bb0100],[@bb0280]\]. While attempting an emergency front of neck access (FONA) procedure, application of oxygenation from above is not recommended, as this may cause aerosolization when the cricothyroid membrane is punctured \[[@bb0100]\]. Suction during the procedure should consist of a closed system with a viral filter \[[@bb0360]\].

3.8. Post-intubation period {#s0055}
---------------------------

After successful intubation, it is important to avoid ventilation until an appropriate viral filter is in place and the endotracheal tube cuff is inflated \[[@bb0115]\]. Ensure tight connections between all parts of the ventilator circuit, and avoid unnecessary disconnections whenever possible. However, if the circuit must be disconnected, clamp the endotracheal tube to prevent aerosolization. Endotracheal tube placement must be confirmed with waveform capnography, as PPE may preclude reliable auscultation of breath sounds \[[@bb0020],[@bb0365]\]. Providers may also observe bilateral chest rise during assisted breaths, or alternatively, the ventilator waveform \[[@bb0310]\]. Ultrasonography is a useful adjunct for confirming endotracheal intubation, as it can allow direct confirmation without the requirement for ventilations \[[@bb0370]\]. A systematic review of 17 studies (*n* = 1595 patients) reported transtracheal ultrasonography is 98.7% sensitive (95% confidence interval \[CI\] 97.8% to 99.2%) and 97.1% specific (95% CI 92.4% to 99.0%), with a positive likelihood ratio of 34.4 (95% CI 12.7 to 93.1) and a negative likelihood ratio of 0.01 (95% CI 0.01 to 0.02) \[[@bb0375]\]. To prevent repeated exposures, a nasogastric tube may be inserted in the immediate post-intubation period \[[@bb0115]\]. Clinicians may also consider obtaining deep tracheal sputum samples. Ensure proper analgesia and sedation in order to prevent patient coughing and potential transmission of SARS-CoV-2 \[[@bb0280]\].

Any immediate post-intubation complications should be aggressively investigated and corrected. In a series of 202 COVID-19 patients undergoing tracheal intubation in two hospitals in Wuhan, China, peri-intubation hypotension (arterial blood pressure less than 90/60 mmHg) occurred in 22.3% of patients \[[@bb0265]\]. Pneumothorax occurred in 5.9% of patients, while 2% suffered peri-intubation cardiac arrest \[[@bb0265]\]. Peri-intubation hypotension should be managed with intravenous fluids and/or vasopressors, while pneumothorax may be corrected with chest tube drainage. After the immediate post-intubation period, equipment should be disposed of or decontaminated. Individual PPE should be removed under the guidance of a trained observer.

4. Conclusion {#s0060}
=============

Patients with COVID-19 may develop acute respiratory failure and require respiratory support, as well as advanced airway management \[[@bb0020]\]. Airway management in these patients is a high-risk procedure for HCWs due to aerosolization and viral transmission \[[@bb0055]\]. The principles of airway management are similar between CVOID-19 and non-CVOID-19 patients, but with an enhanced focus on HCW safety \[[@bb0280]\]. A pragmatic approach to respiratory support in this population centers on appropriate infectious precautions (isolation, negative pressure rooms, and PPE), titrated support with exogenous oxygen, HFNC, NIV, and endotracheal intubation.
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